A cute basilar artery dissections are rare lesions with significant morbidity and mortality rates. However, recent advances in imaging techniques have increased the recognition of basilar artery dissection. There have been inconsistencies on the prognosis and controversies as to the proper management of acute basilar artery dissection. [1] [2] [3] [4] Although conservative management has been advocated by some authors, 1 the serious nature of the disease might require surgical or endovascular treatment in selected cases that were ruptured or revealed progressive ischemic symptoms, [2] [3] [4] Besides 2 small clinical series 1,2 and a few case reports, clinical features, possible treatment options, and clinical outcome of acute basilar artery dissection have rarely been analyzed. In this study, we retrospectively evaluated clinical presentation, management, clinical course, and outcomes of 21 consecutive patients with acute basilar artery dissection.
Materials and Methods
The institutional review board approved this retrospective study, and informed consents were not required.
Diagnosis of basilar artery dissection was based on clinical manifestations and findings of radiologic examinations including CT with CT angiography, MR imaging with MR angiography, and conventional angiography. Clinical manifestations suggestive of acute basilar artery dissection include subarachnoid hemorrhage confirmed by CT or lumbar tapping, brain stem ischemic symptoms, or sudden posterior headache. Radiologic diagnosis of basilar artery dissection was made when conventional angiography and CT with CT angiography or MR imaging with MR angiography revealed at least 2 of the following findings: intramural hematoma, intimal flap, double-lumen sign, signs of a string or pearl-and-string appearance, focal symmetric or asymmetric dilation of the basilar artery trunk with proximal or distal stenosis, configurational change of the involved segment on serial imaging studies, and contrast media stasis in the affected segment of the basilar artery. Incidentally found radiologic abnormalities of basilar artery, which might be suggestive of arterial dissection but without corresponding clinical symptoms, were excluded because the lesion was not thought to be acute dissection but rather chronic dissection or another pathologic process of the artery.
A total of 25 patients with suspected basilar artery dissections were recruited from the data base of 3 referral institutions between January 2001 and October 2007. Four patients were excluded because of a lack of corresponding clinical symptoms (n ϭ 1), insufficient radiologic findings (n ϭ 2), or coexistence of a saccular aneurysm that might explain the subarachnoid hemorrhage (n ϭ 1). The remaining 21 patients constituted the population of this study. The patients consisted of 12 men and 9 women with ages ranging from 24 to 78 years (mean, 53 years). All patients underwent conventional angiography. Eighteen patients underwent CT examination and also CT angiography except for 1 patient. Thirteen patients underwent MR imaging with MR angiography.
Management Strategy and Endovascular Treatment
Reconstructive endovascular treatment with stents with or without coiling was primarily considered and was performed for the ruptured basilar artery dissections because reconstructive basilar artery occlusion might lead to severe complications. In unruptured basilar artery dissections, conservative management with anticoagulation and strict blood pressure control was primarily applied to the patients to prevent progression of dissection and recurrent embolism. However, for the patients in whom progression of brain stem ischemia from hemodynamic insufficiency was highly suspected or documented on diffusion MR imaging, or if a brain stem compression sign occurred, stent placement was performed.
Endovascular treatment was performed with the patients under general anesthesia or deep sedation. For the patients with ruptured basilar artery dissection, antiplatelet premedication was not given, but a loading dose of dual antiplatelet medication (aspirin plus clopidogrel) was given after the completion of the treatment. For the patients with unruptured basilar artery dissection, dual antiplatelet premedication preceded the treatment except for 1 patient, who was treated in an early period. Activated coagulation time (ACT) was maintained at 2 to 2.5 times the baseline value for 24 to 48 hours after the procedure. ACT was then normalized for the ruptured basilar artery dissections throughout the follow-up, whereas ACT was maintained for the unruptured basilar artery dissections for 1 to 3 months.
Stent placement or stent-assisted coiling for ruptured basilar artery dissection was performed either with a balloon-expandable stent (Vision; Guidant, Santa Clara, Calif) or with a self-expanding stent (Neuroform; Boston Scientific, Fremont, Calif). Stent placement for unruptured basilar artery dissection with progressive brain stem ischemia was performed with a balloon-expandable Vision stent.
Clinical Evaluation and Follow-up
Patients were clinically assessed at admission, when neurological status of the patient was aggravated, after treatment if treated, and at discharge by neurosurgeons or neurologists. For the patients with ruptured basilar artery dissection, admission clinical status was evaluated according to the Hunt and Hess grading system. For the patients with unruptured basilar artery dissection, admission clinical status was evaluated according to the National Institutes of Health Stroke Scale score. Each patient's clinical outcome was evaluated and graded according to the modified Rankin scale score (mRS), 5 and clinical outcome at the latest clinical follow-up was defined as the final outcome.
Results
Clinical presentation, the shape of the basilar artery dissection, treatment, clinical course, and outcome of patents with basilar artery dissection are summarized in on-line Table 1 . On-line Table 2 summarizes angiographic follow-up results in patients who were treated by the reconstructive endovascular method. There were 10 patients who presented with subarachnoid hemorrhage, 10 patients with brain stem ischemic symptoms with or without headache, and 1 patient with a brain stem compression sign 3 years after initial presentation of brain stem infarct.
The identified cause of acute basilar artery dissection was traumatic in 1 patient. In the remaining 20 patients, there was no identifiable cause of the basilar artery dissection.
Management and Clinical Outcome
Of the 10 patients with ruptured basilar artery dissection, 3 (30%) died from rebleeding, but none of the 11 patients with unruptured basilar artery dissection died. Eleven patients (7 with ruptured and 4 with unruptured dissection) were treated by stent placement with or without coiling, and the other 10 patients were treated conservatively. There was no treatmentrelated complication or neurologic deterioration during or after the treatment. All of the 18 surviving patients were clinically followed up at a mean of 21.5 months (range, 5-50 months). Ten (90.9%) of the 11 patients who were treated by the endovascular method (7 with ruptured and 4 with unruptured dissection) had a favorable outcome, whereas 5 (50%) of the 10 conservatively treated patients (3 with ruptured and 7 with unruptured dissection) had a favorable outcome.
Of the 10 patients with ruptured basilar artery dissection, 4 patients were treated by single-or double-stent placement with coiling, 3 by single-stent placement, and 3 by conservative management. All of the 3 conservatively treated patients experienced rebleeding, of whom 2 died and the other was moderately disabled (mRS, 4). Of the 7 patients treated with the endovascular method, 6 had a favorable outcome (mRS, 0 -2), but the other patient, who was treated by single-stent placement, experienced rebleeding and died.
Of the 11 patients with unruptured basilar artery dissection, 9 were treated first by anticoagulation therapy and strict blood pressure control. Of these 9 patients, 5 recovered without further progression of the infarct. The remaining 4 patients had signs of progressive brain stem ischemia, of whom 2 were treated by single-stent placement and the other 2 were treated conservatively. The 2 patients treated by single-stent placement had a favorable outcome without further progression of the infarct, whereas the other 2 patients had a poor outcome from infarct progression.
Of the 11 patients with unruptured basilar artery dissection, 2 were initially treated by stent placement. One patient was treated by emergency stent placement for progressive deterioration of consciousness at presentation and near-occlusion of the basilar artery on angiography and completely recovered (Fig 1) . The other patient presented with stem compression by a growing pseudoaneurysm 3 years after initial presentation of brain stem infarct (Fig 2) . He was treated by double-overlapping stent placement and also completely recovered.
All of the 10 surviving patients treated with the endovascular method underwent follow-up conventional angiography at a mean of 9 months (range, 3-18 months). In 8 of these 10 patients, follow-up angiograms revealed complete resolution of the dilation or stenosis with reconstruction of the basilar artery. In 1 patient who was treated by double stents with coiling for a ruptured basilar artery dissection, a 9-month follow-up angiogram revealed minimal contrast media filling outside the stent (Fig 3) . In the other patient who was treated by double-stent placement, a 4-month follow-up angiogram revealed in-stent occlusion of the basilar artery and a hypertrophied right posterior communicating artery that suffi- ciently supplied the upper basilar artery and its branches (Fig  2) . This patient did not have any ischemic complications and completely recovered.
Discussion
Regardless of its presentation, acute basilar artery dissection seems to have a worse prognosis than a dissection limited to the vertebral artery; [1] [2] [3] [4] 2 reported 10 patients with basilar artery dissection (4 with ruptured and 6 with unruptured dissections). Of the 4 patients with ruptured basilar artery dissection, 1 died and 2 were severely disabled, whereas 4 of the 6 patients with unruptured basilar artery dissection were severely disabled because of infarct progression.
In the present study, 10 (47.6%) of the 21 basilar artery dissections were ruptured. The ruptured basilar artery dissections had a higher mortality rate than the unruptured ones (30% for ruptured group vs 0% for unruptured group) and the endovascularly treated group had a more favorable outcome than the conservatively managed group (90.9% for endovascularly treated group vs 50% for conservatively treated group).
Although several authors 1, 6, 7 have reported spontaneous healing of ruptured basilar artery dissections and recommended conservative therapy, a review of the literature indicates that ruptured basilar artery dissection is a life-threatening disease. 4, 8 Nakahara et al 8 reviewed 25 cases of ruptured basilar artery dissection including their own case. Of those 25 cases, the morbidity and mortality rates of ruptured basilar artery dissection were 20% and 40%, respectively. Therefore, given the risk of rebleeding, which results in a grave outcome, surgical or endovascular treatment may be necessary in ruptured basilar artery dissection. However, treatment options for the ruptured dissections are rather limited, because the basilar artery has many important perforating branches and unique anatomic characteristics. Although a few cases have been reported, 9,10 surgical or endovascular basilar artery occlusion may result in severe ischemic complications, which may be life threatening unless sufficient collateral is present through the posterior communicating arteries. Unilateral vertebral artery occlusion or staged bilateral vertebral artery occlusion may be an option for treatment of ruptured basilar artery dissection. 8 However, a protective effect of unilateral vertebral artery occlusion is in doubt because persistent antegrade flow impinges the ruptured fragile wall of the dissection. 2 Furthermore, staged bilateral vertebral artery occlusion cannot guarantee protection of the patient from rebleeding in the acute stage when unilateral vertebral artery occlusion is conducted, nor can it guarantee protection from severe ischemic complications after bilateral occlusion. Reconstructive clipping of a dissecting aneurysm is another option; however, it can be very difficult and dangerous because of the nature of the dissection, which has a fragile wall and usually does not have a neck feasible for clipping. To the best of our knowledge, such reconstructive clipping of a basilar artery dissection has been reported in only a single case, which was definitively in the saccular form feasible for clipping. Reconstructive endovascular treatment by stents with or without coiling seems to be a promising treatment option for ruptured basilar artery dissections. In this study, all 3 conservatively managed patients experienced rebleeding, whereas 6 of 7 treated patients favorably recovered with complete or near-complete healing of the dissection on follow-up angiography. Only 1 patient, who was treated by single stent placement, died from rebleeding. Mizutani et al 12 demonstrated that an acute ruptured vertebral artery dissection may heal with neointima formation in 4 weeks. Therefore, the treatment goals for ruptured dissection are prevention from rebleeding in the acute stage and promotion of healing as rapidly as possible. A stent promotes neointima formation along the stent struts in experimental models 13, 14 and may also prevent rebleeding in the acute stage by flow redirection and lowering of the wall stress of a dissecting pseudoaneurysm. 15 As seen in this study, however, a single stent may not be sufficient to prevent rebleeding. Coiling combined with stent placement immediately decreases blood flow impingement into the fragile wall by forming a thrombus within the pseudoaneurysmal sac, thereby immediately further decreasing the wall stress of the pseudoaneurysm. As a result, it may further lessen the possibility of rebleeding compared with a stent alone. 16 Multiple stent placement without coiling was not tried in this study, though several cases have been reported to show that multiple overlapping stents prevent rebleeding and heal the pseudoaneurysm. 15, 17, 18 It may be an another option for rup- tured basilar artery dissection, especially when stent-assisted coiling is not feasible. In our study, either the balloon-expandable stent or the self-expanding stent was used. In an early period, only the balloon-expandable coronary stent was used because the selfexpanding neurovascular stent (Neuroform stent) was not available. After introduction of the self-expanding Neuroform stent, the stent used was selected according to the angio-anatomic features of the vertebrobasilar artery (ie, the difference between the proximal and distal diameter of the basilar artery and tortuousness of the vertebrobasilar artery) and the availability of the stent appropriate for the lesion in each institute. Some different characteristics seem to be present between the 2 types of stents. The self-expanding Neuroform stent is easer to navigate into the target lesion even in very tortuous vertebrobasilar arteries. It has a larger pore size and permits easy selection of the pseudoaneurysmal sac by using a microcatheter between the interstices when stent-assisted coiling was tried. It is also safely deployed in the artery with a quite different proximal and distal diameter. Lastly, it is probably safer than the balloon-expandable stent because it has low radial pressure, and there is no need for the inflating pressure during deployment. The balloon-expandable stent has more strut attenuation, and its struts herniate less into the pseudoaneurysmal sac. This characteristic may make the balloon-expandable stent superior to the self-expanding Neuroform stent in the flow remodeling effect. Additional studies will be required about which type of stent is better in the treatment of intracranial vertebrobasilar dissections.
Although the unruptured basilar artery dissection had relatively favorable outcome compared with the ruptured one, unruptured basilar artery dissection may sometimes be fatal or lead to severe deficits. 2, 4 Although no patient died from unruptured basilar artery dissection in our study, 2 patients who were conservatively managed were disabled because of infarct progression. On the other hand, 3 patients who were treated by stent placement because of signs of progressive brain stem ischemia recovered favorably without further infarct progression. Therefore, stent placement may judiciously be considered in the patient who reveals signs of progressive brain stem ischemia from hemodynamic insufficiency.
Conclusion
The results of this study suggest that a ruptured basilar artery dissection is at high risk for rebleeding, resulting in a grave outcome, whereas an unruptured basilar artery dissection has relatively favorable outcome. The patients with basilar artery dissections treated by stent placement with or without coiling revealed a better outcome than conservatively managed patients. Stent placement with or without coiling may be considered a treatment option to prevent rebleeding in ruptured basilar artery dissections. The patients with unruptured basilar artery dissections should first be treated conservatively. However, stent placement may judiciously be considered in selected patients who reveal signs of progressive brain stem ischemia.
